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Abstract

Strengthening the immune system in order to better withstand the threat of COVID-19 is an important way to ensure the
protection of our health against the current pandemic associated with SARS-CoV-2. There are many ways to achieve this, but
with current circumstances, certain modalities stand out as being the most valid and are certainly worth greater consideration.
Here we review the effects that particular immuno-strengthening activities can have on limiting the severity of COVID-19
disease as well as preventing virus infection. Physical activity, in particular, should not be discounted as an important method
of prevention of viral diseases as it triggers many biological processes within the human body which in turn lead to heightened
natural defences against viral infections. When exercise is performed in forested areas, these protective health benefits may
be increased since many plant species emit biogenic volatile compounds (VOCs) which, when inhaled, have many protective
properties. These VOCs have been shown in particular to have immunostimulatory effects on the human body and, thus, they
could be of use in the prevention and/or treatment of COVID-19. Being amongst trees may also help to alleviate stress and
anxiety, lowering cortisol levels and consequently helping the proper functioning of the immune system. In the following
work, we have performed an analysis of the available scientific literature which looks at the effects of physical exercise as
well as ‘forest-bathing’ on the immune system’s ability to fight disease, especially of course as it relates to COVID-19. Our
review aims at shedding light on the benefits of exercising outdoors in green areas and suggests reforestation as a protective
measure against future outbreaks.
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Introduction 2020, the world witnessed the spread of one such disease

caused by severe acute respiratory syndrome coronavirus 2

With continued deforestation and an increase in air pollution
resulting in poorer air quality, it is not surprising that acute
viral respiratory infections should be among the main infec-
tious diseases affecting humanity today. At the beginning of
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(SARS-CoV-2), which led to the coronavirus disease 2019
(COVID-19) (Chathappady House et al. 2021). This new
virus disease resembles both the severe acute respiratory
syndrome (SARS) and the Middle East respiratory syndrome
(MERS) through its similar immunopathology (Chathap-
pady House et al. 2021). Originating in China, COVID-19
rapidly became of much greater concern as it succeeded in
spreading around the globe, resulting in the current pan-
demic. To date, there have been more than 4,200,000 deaths
associated with the disease globally (https://www.world
ometers.info/coronavirus/ accessed on 1st August 2021).
The pandemic has also been the cause of great instability in
the world’s economies and has forced many countries to face
difficult sanitary conditions with overcrowded hospitals and
morgues. While the global mass immunization efforts have
begun and many are hopeful to have found in it a mid-term
solution (Costanzo et al. 2021), new virus variants are still
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causing concern and there is uncertainty as to whether or not
the vaccine will offer adequate protection (Zhou et al. 2021).
Until mass vaccination has proven successful, there are
many research groups continuing their exploration of other
immediate solutions. One such possibility currently being
tested is the trial of therapies among those already known to
be effective in the treatment of other viral diseases, as well
as COVID-19-related disorders (Costanzo et al. 2020). This
approach, called ‘drug repurposing’ can indeed be a quick
way to find treatment options for the current pandemic. Of
course looking into ways of preventing further outbreaks and
strengthening human defenses against such diseases is also
of great importance.

So far, it has been made clear that to effectively com-
bat and prevent the incidence of COVID-19, maintaining a
healthy body, more particularly, a strong immune system, is
crucial. Of course, the fact that the body’s immune system
plays a central role in combatting viral diseases, including
COVID-19, comes as no surprise (Dai et al. 2021). How-
ever, the lockdown measures put in place by government
leaders around the world as a reaction to the rapid virus
spread has led to poor lifestyle habits (Ammar et al. 2020).
With mental health issues on the rise, many have turned to
unhealthy eating habits, increases in alcohol intake as well
as limiting or altogether abandoning their physical activi-
ties. Remaining indoors or being forced to stay within the
confines of their cities also limits people’s exposure to green
spaces and the protective medicinal aerosols emitted by the
surrounding trees. This is particularly true for the older
demographic which are at higher risk for COVID-19 and so
more inclined to stay in isolation. They would benefit from
an increase in exercise to both strengthen their immune and
cardiovascular systems which in turn would help to combat
and protect against hypertension, type-2 diabetes mellitus as
well as several other chronic disorders common in geriatric
populations (Lakicevic et al. 2020; Septilveda-Loyola et al.
2020; Malaguarnera et al. 2008). The COVID-19 outbreak
has then resulted in large portions of the population having
a less healthy and active lifestyle, as well as a rise in stress,
anxiety and other mental health issues, which conversely
leaves them at higher risk of infection.

Herein, our aim is to gather and report on the information
available with regards to how physical activity can act as a
preventative measure against the onslaught of COVID-19.
Expanding on this, we look into the well documented pro-
tective role of biogenic volatile organic compounds (VOCs)
emitted by certain plants which have both immunomodula-
tory and antiviral properties. Ultimately, our intention is to
promote a healthy level of exercise, done outside in green
spaces such as parks or forested areas where an abundance
of trees is present. We hope that this will also encourage a
stronger interest in investing in reforestation as a means to
protect the health of people everywhere. To complete this

@ Springer

work, our search strategy mainly consisted of considering
articles published between January 2020 and June 2021
with themes COVID-19 and physical activity, as well as
COVID-19 and forest-bathing. The search was carried out
between March 19th, 2021 and July 30th, 2021. The data-
bases searched were MEDLINE, PubMed, Google Scholar,
and Google. Conversations with Botanist and Biochemist,
Diana Beresford Kroeger were also included as well as other
recent studies on the benefits of forest bathing. Only studies
reported in English were included.

Physical activity as a viable means
of increasing immune response to COVID-19

The modulatory effects of physical activity on the immune
system have been verified. To be precise, exercise increases
lymphocyte circulation and activates the release of several
cytokines (Shek and Shephard 1998). People who practice
sport on a regular basis experience less dramatic symptoms
and a lower mortality rate due to viral infections (Chastin
et al. 2021). Physical exercise also leads to increased levels
of type I interferons (IFN-I) which in turn initiate the action
of lymphocytes and macrophages (da Silveira et al. 2020a,b).
This is particularly interesting for COVID-19 patients who
have been found to have suppressed levels of this type of
interferons. Physical activity also boosts the immune system
and stimulates the release of cytokines which, with their
anti-inflammatory properties, aid in counteracting lympho-
penia and the increase in pro-inflammatory cytokines pre-
sent in COVID-19 patients (da Silveira et al. 2020a,b).
Recently, it has been reported that there is a direct link
between the COVID-19 virus and certain chronic disorders
such as hypertension and type 2 diabetes mellitus (Alyam-
mahi et al. 2021). With lockdown measures being widely
implemented, many people, including hypertensive and
diabetic patients, have been limiting their physical activi-
ties. This has led to a global decrease in the cardiovascu-
lar and immune system strengthening benefits related to
participation in sport. Physical activity may also affect
one’s susceptibility to viral infections in particular since it
activates the autonomous nervous system and the related
immunoregulatory hormones which form the basis of the
immune response (Jesus et al. 2021). Moreover, exercise
triggers other beneficial changes in the human body such
as the modification of the phenotype and levels of released
cytokines, not to mention the distribution of monocytes and
lymphocytes (Jesus et al. 2021). However, the level of physi-
cal activity can have a big impact on the protective effects
provided. More intensive physical exercise, such as the vig-
orous and prolonged training programs used by athletes,
has conversely been associated with immune dysfunction.
Indeed, such acute exercise regimes can cause suppressed
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salivary immunoglobulin A release, lower activity of natural
killer cells and reduced function of B- and T-cells as well
as an increased risk of illness which includes infections of
the upper respiratory tract (Jesus et al. 2021). On the other
hand, moderate yet sustained levels of physical activity
induce specific immunomodulatory changes which are ben-
eficial in the prevention of cancer as well as cardiovascular
disorders. Looking at this from a quantitative perspective, a
study was conducted on individuals performing low-volume
exercise (15 min/day for 6 days a week) where the group
in question showed a decrease in an all-cause mortality at
a rate of 14% as well as a 20% reduction in deaths associ-
ated with cardiovascular disease when compared to the more
sedentary group (Jesus et al. 2021). Indeed, thanks to the
immunomodulatory benefits of physical activity, an increase
in mitochondrial fatty acid oxidation led to an improved
anti-inflammatory response in individuals with previously
inactive lifestyles who began a program of low-intensity
workouts. Such dysfunctions of a host’s defenses against
oxidation can be at least partially responsible for the severe
inflammation induced by viral respiratory infections and that
including those associated with coronaviruses.

It is then of interest that in animal models infected
with the influenza virus, chronic and moderate physical
activity has been found to reduce the viral load and the
related severity of the disease (Montgomery et al. 2008).
This also led to a decrease in overall mortality and inci-
dence rate while increasing the anti-inflammatory effects
when compared to those subjected to a regime of acute
exercise. Regular physical activity does in fact stimulate
a particular antioxidant response which occurs by way of
the Nrf2 (nuclear factor erythroid 2-related factor 2) which
is a transcription factor involved in both the lowering of
cardiovascular risk and antimicrobial defense. Bringing
this forward, the fact that a high percentage of COVID-19
patients requiring intensive care are overweight or suffer-
ing from obesity suggests a correlation between the lack
of an adequate exercise routine and the severity of the
disease in question (Salvadori et al. 2021). Of course, pre-
existing comorbidities that come with an excess in weight
such as cardiovascular disease, hypertension and diabetes
also affect the body ability to fight the infection. However,
even after adjusting available data to take into account
factors such as the presence of these particular ailments
as well as age, gender and other lifestyle related risks,
findings still suggest that people suffering from obesity
are at a higher risk of a more severe case of COVID-19
(Dalamaga et al. 2021). It is then clear that chronic moder-
ate physical activity should be considered beneficial in the
prevention of viral respiratory infections, including that
due to SARS-CoV-2 and its resulting inflammation (Jesus
et al. 2021; Salgado-Aranda et al. 2021). This brings us
to the types of exercise which recent literature suggests

are of optimal use in the prevention of COVID-19 and
other coronavirus-related diseases. For individuals who
are in good health to begin with, these include respiratory
muscle training as well as aerobic and resistance training.
Such gentle strengthening exercises as tai chi (Xu et al.
2021) and yoga have also been suggested as stress reduc-
ing and immuno boosting exercises for the prevention of
COVID-19 (Dai et al. 2021). Patients already suffering
from upper and lower respiratory tract illnesses should
limit their physical activity to respiratory muscle train-
ing. With the varied health of the population and diverse
possible response to physical training, a personalized pro-
gram is recommended to ensure a positive outcome against
SARS-CoV-2 in particular (Codella et al. 2021; Dominski
and Brandt, 2020).

Nutrition and diet as a supplementary aid
to the management of COVID-19

In addition to physical exercise, nutrition plays a funda-
mental role in the prevention and management of COVID-
19. For example, omega-3 fatty acids, vitamins C and D
as well as regular consumption of a variety of fruits and
vegetables is recommended to support the body’s immune
system regardless of one's state of health (Iddir et al.
2020). Vitamin A, E, iron, zinc and both selenium and
copper are of particular use in strengthening the immune
system against infectious disease (Cervantes-Pérez et al.
2020). This, however, becomes especially important for
patients affected by COVID-19 (Khoramipour et al. 2021).
Although evaluating the adoption of any particular dietary
supplementation to prevent or treat COVID-19 is difficult,
a balanced diet which includes diverse micronutrients and
sufficient amounts of macronutrients is considered one
of the best practices to ensure the proper functioning of
the immune system. In contrast, obesity and high-calorie
diets with low nutritional value are major risk factors
for severe and fatal cases of COVID-19 (Dalamaga et al.
2021). This suggests that body weight control is one of
the most important preventive measures that should be
undertaken in the prevention of coronavirus diseases. In
fact, it has been shown that during the current pandemic,
there has been a rise in consumption of highly processed,
sodium laced foods which can lead to varied ailments such
as hypertension and cardiovascular disease (Zhang et al.
2021). As shown, these diseases have been associated with
more severe cases of COVID-19. Of course, limiting other
lifestyle-related factors such as alcohol intake and smoking
will also help insure that the immune system is function-
ing at its highest capacity (Lange and Nakamura, 2020).
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Halting future zoonotic outbreaks; Forests
as essential barriers to zoonoses

Aside from adopting a healthy lifestyle including moder-
ate but chronic physical exercise and a healthy nutritional
program, there is another factor which has the potential
to greatly aid in our fight against respiratory diseases
which, sadly, is often overlooked. Spending time out of
doors, under the canopy of trees, is an important and
undervalued means to reinforce our body’s ability to keep
infections at bay. Forests are enormously important for
the wellbeing of all life on earth and this for a number
of reasons. They are the refuge of the most vulnerable
human populations on the planet which use the forest as
their pharmacies, their grocery stores, and indeed their
main economic tool, and this especially during the cur-
rent pandemic (Sen 2020). Moreover, they form precious
buffer zones that protect us from contact with zoonoses; a
concept which should be considered with greater urgency
by both the global scientific community and local govern-
ments. More than half of all infectious diseases plaguing
mankind as well as 75% of those found to be recently
emerging derive from the transfer of pathogens, and
especially viruses, originating from the animal kingdom
(Sen 2020). These zoonoses become particularly relevant
when natural habitats, such as forests and grasslands, are
cleared to make way for the growth of our cities, for log-
ging, as well as for agricultural expansion. This change of
the natural landscape creates new ecotones which contrib-
ute to the emergence of zoonotic diseases (Despommiers
et al. 2006). The loss of these natural landscapes reduces
the separation between people and wild animals as well
as from the pathogens that they may harbour. In areas of
deforestation, the frequency of incidents involving con-
tact between humans and animals can sometimes increase
dramatically as many species are forced to roam further
in search of food and shelter. In other words, when forests
are reduced or disappear, the possibility for transmission
of infectious diseases increases significantly (Sen 2020).
Therefore, the degradation of forests, aggressive log-
ging, and the illegal wildlife trade (such as those fueling
illegal meat markets) all contribute to the emergence of
zoonotic diseases and, potentially, to future pandemics.
It is thus a strong possibility that if humanity continues
to clear forests around the globe, we will continue to wit-
ness epidemic disease outbreaks. If, however, a global
plan for forest conservation and restoration is seriously
undertaken, it could play a deciding role in the reduction
of interactions between humans and wild animals result-
ing in a decrease in the possibility for future zoonotic
pandemic outbreaks.
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The medicines we breathe; forests
as a cornucopia of pharmaceutical potential

Forests offer much more than a barrier to zoonotic infec-
tions. Just as vital to us, particularly in our current situ-
ation, is the fact that they are a precious source of bio-
genic volatile organic compounds (VOCs) including
phytoncides which have many positive biological effects
on human health (Wang 2019). The practice of spending
time amongst the trees is known in Japan as Shinrin-yoku
or ‘forest-bathing’ and has been shown to be of therapeu-
tic benefit with regards to improving mental and immune
system health. In fact, the many documented physiological
benefits of forest bathing include among others, a decrease
in both pulse rate and cortisol levels which can affect the
proper functioning of the immune system (Timko et al.
2020; Ochiai 2019) and which have brought interest for
further study (Jones et al. 2021). In many other parts of
the world, the benefits of walking in a wooded area is
known but a medical approach that hands out such ‘green
prescriptions’ is not common practice. Forest bathing has
been lauded as a preventative measure which improves
one’s resistance to disease and is a well documented acces-
sible method for both managing stress and promoting
health (Yu and Lee, 2019; Wen et al. 2019; Seifert et al.
2020; Yau and Loke, 2020; Clarke et al. 2021; Peterfalvi
et al. 2021). In particular, it has shown promise in the pre-
vention of heart disease, diabetes, cancer and of specific
interest here, respiratory diseases (Li 2019). Certain vola-
tile terpene compounds emitted by trees, such as a-pinene,
B-pinene, D-limonene, camphor and a-terpineol to name
a few, have also been found to be effective in the treat-
ment of respiratory inflammation diseases and administer-
ing these compounds through forest bathing may be safer
when compared to ingestion or topical application (Kim
et al. 2020). As part of a therapeutic “bioplan”, Diana
Beresford Krueger has suggested that certain trees whose
aerosol chemistry would accelerate the healing of the
patients therein, should be planted around hospitals and
these could be tailored to the specific illnesses the institu-
tion specializes in (Beresford-Kroeger 2019). Indeed, due
to the vast proven therapeutic potential of forest bathing,
it has been suggested that more studies should be done in
order to determine which particular species of trees and
exercise regimes are best to tackle each individual health
condition (Doimo et al. 2020). Due to its particular aerosol
composition and its strengthening effects on the respira-
tory system, the white pine or Pinus strobus is a North
American example of a tree that could be beneficial in
the prevention and treatment of COVID-19 [D Beresford-
Kroeger 2021, personal communication, May]. The bal-
sam poplar or Populus balsamifera found especially in
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the Boreal Forests of North America, is also responsible
for the release of an incredible amount of oleoresins and
beneficial vapors which spread around, protecting the res-
piratory health of not just humans, but all mammals alike
(Beresford-Kroeger 2013). These particular trees provide
a whole host of medicinal compounds not only by way of
aerosols, but also within its resins and propolis which con-
tain linolenic and linoleic acid, bisabolol and arachidonic
acid amongst other complex biochemicals for which we
are only just beginning to understand the medical impor-
tance (Beresford-Kroeger 2013). These trees also produce
particular groups of primary aerosols, which are released
into the atmosphere. Their 6 forms, E;, E,, E;, F;, F,,,
and F;,, have many crucial health benefits when inhaled
including platelet aggregation and peripheral vasodilation
(Beresford-Kroeger 2018). These findings all demonstrate
the important medicinal potential of trees and support
the idea that increasing accessibility to green spaces and
ensuring the protection of our remaining forests may help

Fig. 1 Balsam poplar leaves
(upper left) and white pine
branch tip with pine needles
(upper right). A specimen of
balsam poplar (lower left) and
white pine (lower right). Photos
taken by Melinda Gilhen-Baker
in Cantley, Canada (white pine
tree, 2297 uly 2021. Balsam
poplar full plant and leaves,
25" July 2021) and Wakefield,
Canada (white pine needles,
22¢ July 2021). Note how high
the white pine grows, emerging
from the forest canopy. Besides
its impressive stature, this
coniferous species is evergreen,
while balsam poplar is decidu-
ous

slow the progression of this pandemic and prevent future
outbreaks.

Volatile organic compounds in two
representative north-American trees: white
pine and balsam poplar

In this section, we aim at furnishing more details on two rep-
resentative trees originating from North America mentioned
in the previous section. Of these, the balsam poplar (Populus
balsamifera) is a hardy, fast-growing deciduous tree (Fig. 1,
left) which is known for the intense fragrance emanating
from its resinous buds which have long been an important
source of medicine for the indigenous Cree Nations of East-
ern James Bay in Canada. It is used specifically as a remedy
against obesity and diabetes; therapeutic properties which
have also been demonstrated through scientific studies
(Ouellet et al. 2016). Among the biogenic VOCs emitted
by the balsam poplar, there are isoprene and terpenes like
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Fig.2 Biogenic VOCs (volatile
organic compounds) emitted by
the balsam poplar. Note how
all molecules (but isoprene)
represented in this figure are
classified as terpenes

a-pinene
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(4R)-1-methyl-4-prop-1-en-2-ylcyclohexene
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2,2-dimethyl-3-
methylidenebicyclo[2.2.1]heptane

camphene

get

4-methylidene-1-propan-2-ylcyclohexene
B-terpinene

a-pinene, B-pinene, a-phellandrene, B-terpinene, 1,8-cineol,
camphene and D-limonene (Fig. 2) (Isidorov et al. 1985).
The white pine (Fig. 1, right) is a large evergreen coni-
fer native to North America whose distribution ranges from
Canada to the USA. Being the tallest tree in the forest, it is
traditionally considered by indigenous communities as a plant
of high cultural and spiritual importance, but also as a source
of natural remedies for high blood pressure, heart diseases,
tooth problems, swellings, muscle pain, and wounds (Uprety
et al. 2013). Having been overharvested over the last centu-
ries in North America, white pine abundance has severely
decreased and in several regions it is currently considered as
rare (Thompson et al. 2006). Owing to biogenic VOCs emit-
ted by white pine (Fig. 3), the dominant terpenes are a-pinene
and f(-pinene, while the most abundant sesquiterpenoid is
germacrene-D-4-0l (Toma and Bertman, 2009). Nonetheless,
significant amounts of limonene (Toma and Bertman, 2011)
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o

1,3,3-trimethyl-2-oxabicyclo[2.2.2]octane
1,8-cineol

and germacrene D were also identified among the other VOCs
emitted from this coniferous tree.

Interestingly, some VOCs emitted by balsam poplars and
white pines were shown to be beneficial in the case of respira-
tory diseases. For example, as revealed in a placebo-controlled,
double-blind trial 1,8-cineol (Fig. 2) shows clinical efficacy
in inflammatory airway diseases, such as asthma and obstruc-
tive pulmonary disease (Worth and Dethlefsen, 2012; Juergens
2014). Moreover, a-pinene (Figs. 2 and 3) was found effective
against allergic rhinitis (Nam et al. 2014).
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Fig.3 Biogenic VOCs (volatile
organic compounds) emitted by
the white pine. Note how both
sesquiterpenes and terpenes
were identified as volatile com-
pounds from the coniferous tree
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Trees pack a double punch; the correlation
between a higher forest coverage
and reduced COVID-19 severity

In a recent study some of us were able to glean more such
insights into the importance of trees while considering the
lesser impact COVID-19 seemed to have in the forested
areas of Italy (Roviello and Roviello, 2021). Exposure to
high levels of fine particulate matter (PM) in areas of Italy
which had higher air pollution (likely exacerbated by their
lack of trees) seemed to increase the mortality rate due to
COVID-19. Conversely, by intercepting PM onto their leaves
and other surfaces, trees mitigate air pollution while also
emitting bioactive VOCs which strengthen the local popu-
lations immune system. This is likely the cause of the less
severe impacts of COVID-19 in some mediterranean regions
of Italy. Correlations have indeed been found between the
level of air pollution present and the amount and severity of
COVID-19 cases (Paital and Agrawal, 2021). The double
protective role may be key to the lower COVID-19 induced
mortality rate recorded in regions which have a higher

germacrene D

density of trees (evergreens in particular). Forests play an
essential shielding role against the spread of viral diseases
by emitting immuno-modulating VOCs and by also offer-
ing dietary sources of antiviral compounds (Roviello and
Roviello, 2021). Accessibility to outdoor spaces may also
be of interest as people are able to safely escape the confines
of their homes. Studies have indeed shown that people who
spent more time in nature or who lived closer to wooded
areas reported better mental wellbeing than those living in
urban areas during the pandemic (Robinson et al. 2021).
With people now spending much more time indoors due to
the lockdowns, they are being subjected to higher amounts
of indoor aerosols and ultrafine particles which have been
shown in particular to be at the root of many respiratory
disorders as well as increasing susceptibility to the COVID-
19 virus (Chen et al. 2021; He and Han, 2021). Spending
more time outdoors, where there are less immediate sources
of particulates and where trees act as air filters, is then of
increased importance. Bringing this further, it is very likely
that the proliferation of such respiratory diseases as COVID-
19 is directly related to the degradation of the worlds
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protective forest canopy, the loss of its protective aerosols
and its air purifying and carbon sequestration capabilities [D
Beresford-Kroeger 2021, personal communication, May].

Discussion and perspectives

The SARS-CoV-2-related pandemic has been the cause of
some of the most dire challenges that mankind has had to
face in the modern era. Few have been spared the virus dev-
astating impacts which have spread from densely populated
urban areas to the most vulnerable populations living deep
in the world’s last old growth forests. The recommended cur-
fews and lockdown measures put in place to slow the spread
of the coronavirus, especially for those living in cityscapes
worldwide, has had unintended negative impacts on peo-
ple’s health. A much more sedentary lifestyle, an increase in
unhealthy eating habits as well as mental health degradation
have all combined to result in an impaired immune function
and an enhanced risk of infection. To reverse these inad-
vertent consequences, moderate but sustained exercise is a
feasible way of improving both physical as well as mental
health in a time when anxiety and social isolation is on the
rise. Thus, the regular practice of sports, even via online
programming, is suggested as an accessible auxiliary tool
which can help bolster the immune system against pos-
sible COVID-19 infection. Of course, a more specialized
approach may be needed for those with certain pre-existing
health conditions where a tailored physical training pro-
gramme might be in order. Patients suffering from milder
cases of COVID-19 could also benefit from an exercise pro-
gram but should limit their physical activity to respiratory
muscle training. Moderate physical exercise has many posi-
tive impacts on the body’s immune system by counteracting
immune deficiencies associated with the aging process and
by significantly reducing the incidence of cardiovascular and
respiratory diseases. Also worthy of note is the way it can
alleviate the negative effects of home confinement whereby
people are forced into a more sedentary lifestyle. In addi-
tion, exercise can help reduce the added risks associated
with being overweight during this pandemic. Since obese,
hypertensive and diabetic patients often experience the most
severe forms of COVID-19, weight control, including mod-
erate and adapted exercise, is beneficial for preventing viral
respiratory infection and inflammation following SARS-
CoV-2 infection. Of course, further studies will be required
to assess whether, for patients with cardiovascular and/or
metabolic diseases, a physical training program would help
build a stronger immune response against COVID-19 as well
as to be able to associate a specific exercise regime to SARS-
CoV-2 patients.

Another important factor to keep in mind when looking
at the benefits of a physical training program is its location.
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Forest bathing, or the practice of spending time outside
amongst particular trees, has scientifically proven benefits
when it comes to human health and the strengthening of the
immune system in particular. This is a widespread medical
strategy in Japan, as well as certain other countries such
as Norway and China, that has been used for many years.
Patients there are prescribed walks in tree-rich areas (green
prescriptions) as a preventative and curative measure for a
variety of ailments. If we consider them from a molecu-
lar perspective, trees emit countless amounts of biogenic
VOC:s that offer an immunomodulatory effect lasting several
weeks from when they are first inhaled. Crucially, forests
also mitigate air pollution while forming important buffer
zones which lower the risks of contact with wild animals
and the pathogens they harbour, such as coronaviruses. In
conclusion, sport performed in green spaces bolsters the
body’s ability to fight off COVID-19 and other infectious
diseases through the combined benefits of physical exer-
cise and the immunostimulatory effect provided by biogenic
VOCs emitted by trees. With more and more evidence of the
protective and purifying qualities of trees and forested areas,
it is critical that efforts be made to protect current forests and
increase green spaces if we are to succeed in ending the cur-
rent pandemic and prevent more such devastating illnesses
from making an appearance in the future.
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